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The use of wastewater as a medium introduces a whole consortium of microorganisms 55 into the process making it more robust in terms of metabolic pathways present (Muñoz 56 and Guieysse, 2006). In addition, natural inoculants such as lake water may serve as a 57 source for indigenous algae strains. This removes the need to find a perfect pure culture 58 to use in the process and let the medium do the selection (Olguín, 2012) . 59
Compared to conventional monoculture photo-bioreactors, it is important to study the 60 algal and microbial communities in these systems in order to understand and control the 61 process (Su et al., 2011; Lakaniemi et al., 2012; Olguín, 2012) . Lakaniemi et al. (2012) 62 concluded that understanding of the interactions between microorganisms in photo-63 bioreactors is needed to increase the biomass production. The potential of the bacterial 64 and algal consortium in similar biotechnological applications has also been described bythe gas exchange and to prevent excessive pH increases in the reactors. 116 100 mL water samples were taken from each reactor at 4 day intervals to determine 117 nutrient concentrations, chlorophyll a concentration and pH. The pH of the samples was 118 measured using a 744 pH meter (Metrohm AG, Herisau, Switzerland). 119
Wastewater and lake water origin and properties 120
Inflow wastewater obtained from the WWTP in Västerås (central Sweden) was used in 121 this study. The plant uses a conventional treatment process, treating sewage from the 122 equivalent of a 118 000 population, yielding 12 000 tonnes of dewatered (25% dry matter) 123 sludge per year. In the current water treatment process, influent raw wastewater is 124 screened, pre-precipitated with iron sulphate, and biologically treated by an activated 125 sludge process with pre-denitrification supported with glycol as the external carbon and 126 energy source. Wastewater for the experimental system was collected from the WWTP 127 inflow (from the top layer of the centre of the mixed basin). 128 Lake water for algae inoculation was taken from Lake Mälaren, which has an area of 129 1096 km², a mean depth of 12.8 m and a maximum depth of 64 m. It is the third largest 130 lake in Sweden, with a water volume of 14 km 3 (Kvarnäs, 2001 ). Mälaren lake water was 131 collected from a yacht harbour next to the WWTP from the upper layer (0.5 m) of the 132 lake. 133
All lake and WWTP samples were taken with sterilised equipment according to the 134 SS/ISO 5667-3:2004 standard and were immediately transported and used in the 135 experimental setup. For initial nutrient analysis 50 mL of the sampled waters were filtered 136 through a Whatman GF/C filter (1.2 µm) and preserved with 0. 
Chlorophyll a and algal community analysis 148
Chlorophyll a concentration was measured at room temperature to assess algae biomass 149 growth (Bellinger and Sigee, 2010) . 25 mL of water sample was filtered through a 150
Whatman GF/C filter (1.2 µm). Chlorophyll a was extracted with acetone (99%, Thermo 151 community. 250 µl of Lugol's iodine was added to the samples which were then stored at 164 4°C prior to microscopic analysis. 165
The algae community was studied using an Alphaphot-2 YS2 microscope (Nikon 166
Instruments Inc., Tokyo). The samples were concentrated 5x by centrifugation. 50 µl of 167 sample was placed under a cover glass and studied under 60x lens. Images were taken 168 using a Sony NEX 5N camera with an APS-C size sensor (1.5x crop factor). 169 The development of the bacterial community was estimated from 16S rRNA gene copy 179 numbers. The L-V6 (5'-GAACGCGARGAACCTTACC-3') and R-V6 (5'-180 ACAACACGAGCTGACGAC-3') primers were used to amplify the bacterial 16S rRNA 181 gene 111bp fragment from the V6 hypervariable region (Gloor et al. 2010 ). Quantitative 182 program was as follows: 2 min at 95°C, 45 cycles of 15s at 95°C, 30s at 54°C and 30s at72°C. Melting curve analysis was performed at 65-90 °C. The standard curve was 185 constructed using the standard plasmid as described by Nõlvak et al. (2013) . 50 copies of 186 standard plasmid were diluted in 10 μl of reaction mixture for the standard curve 187 preparation. Quantitative PCR data were analysed as described by Nõlvak et al. (2012) . 188
Quantitative PCR and data analysis
Target gene copy numbers were calculated and presented as copies per mL of water 189 sample (copies/mL). 
RESULTS AND DISCUSSION 201

Algal growth dynamics 202
As was expected the algal growth was highest in the reactors with lake water sampled 203 during the summer season (Fig. 1a) . In November, after the algal growth season the 204 maximum chlorophyll a concentration was around half of what it was during the summer 205 and growth was considerably slower compared to the summer season, in all reactors ( The addition of lake water to the wastewater had a noticeable effect on the algal growth 210 in both experiments conducted in August and November (Fig. 1a-b) . While in August, 211
wastewater diluted with distilled water reached a comparable maximum chlorophyll a 212 concentration, the growth rate in the WW+LW reactor was 2-3 days faster than in the 213 WW+W reactor. There was no significant difference between WW+LW and WW+W 214 reactors in the experiment conduced in December (Fig. 1c) , probably due to the low lake 215 water temperature and the algae being dormant. 216
Due to cross-contamination the sterilized wastewater reactor showed some algal growth 217
in the experiments conducted in November and December. However, in the experiment 218 conducted in August, there was no change in the chlorophyll a concentration in the reactor 219 with sterilized wastewater. 220
The general dynamics of algae growth were similar to those reported in literature ( (Fig. 1b-c) . In August it only took 4 days for the algae to start their active 225 growth (Fig. 1a) . One way to reduce the lag time would be to supply a higher 226 concentration of CO2 to the reactors than is found in ambient air. percentage of chlorophyll a in the DW at 1.7%, followed by WW+LW at 1.2% and WW 237 at 1%. 238
The average mean pH at the start of all experiments was slightly above neutral at 7.7±0.4. 239
The pH values in each reactor is given in Table 1 . Because there was no pH control in the 240 experiment, pH values started to increase as the algae started to grow (Fig. 1d-f) . The 241 highest pH value was measured in the WW+LW reactor during the November experiment 242 at 10.1. In other cases the pH value remained below 9.5. The increase in pH values as the 243 algae started to grow is expected due to the rapid assimilation of CO2. Where the algal 244 growth was particularly low, for example in the WW reactor during the experiment 245 conducted in December there was a decline in pH, due to low assimilation of CO2 (Fig.  246   1f) . The variation of the pH between the experiments can be explained by a high variation 247 in the inflowing wastewater. The algal and bacterial community can also have an effect 248 on the final pH. The pH increase in most reactors was similar to data previously reported 249 by Pegallapati and Nirmalakhandan (2013). wastewater; WW+LW -70% wastewater and 30% lake water; WW+Water -70% 254 wastewater and 30% water. 255
Bacterial growth dynamics 256
The 16S rRNA gene concentration was used as a measure of bacterial abundance in the 257 reactors. The dynamics of bacterial 16S rRNA gene copy numbers in all three 258 experiments are shown in Figure 2 . The lake water contained 2.7*10 6 , 1.7*10 7 and 259 4.2*10 6 copies of the 16S rRNA gene per mL of water in the August, November and 260
December experiment, respectively. 261
In the November and December experiments, the bacterial 16S rDNA copy number 262 dynamics showed similar patterns in all reactors (Fig. 2b-c) . The average initial gene 263 concentration was 6.4*10 8 and 5.3*10 8 copies of the 16S rRNA gene per mL of water in 264 the November and December experiment, respectively.The 16S rDNA copy numbers decreased until the 8 th day, after which they stabilized. This 266 is in contrast to the chlorophyll a concentration in these experiments, which was stable 267 until day 4-8 due to the long lag phase of the algae, after which it began to increase. 16S 268 rDNA copy number was higher at the beginning in the first experiment, but stabilized 269 around the same value in both experiments. 270
In the August experiment the dynamics were significantly different (Fig. 2a) . The average 271 initial gene concentration was 1.8*10 8 copies of the 16S rRNA gene per mL, which is 272 about 4 times lower than in the November and 3 times lower than in the December 273 experiment. Because of the lower initial 16S rDNA copy numbers, there was no decrease 274 as in the experiments conducted in November and December. The average 16S rDNA 275 copy number concentration was around 1.1*10 8 throughout the experiment with only 276 minor changes. This is similar to the 1.1*10 8 and 9.9*10 7 copies per mL where the 277 November and December experiments averaged out, respectively. 278
The lower initial 16S rRNA gene copy numbers found in the experiment conducted in 279
August may be due to the variations in the inflowing wastewater to the plant. Although 280 general chemical parameters were similar in all 3 experiments (Table 1) bioreactor by a factor of 4 even though the community structure of the nitrifying bacteriawas unchanged by the algae and cyanobacteria. The increase in pH could also create 291 selective pressure on the bacteria. However, the pH change was different in all 292 experiments (Fig. 1d-f ) but the 16S rDNA copy numbers at the end of the experiments 293 were similar in all cases (Fig. 2a-c) . 294 water; WW+Water -70% wastewater and 30% water. 298
Algal community analysis 299
There was little to no difference between the communities in the experiments performed 300 in November and December. Because there was algae growing in the sterilized reactor, 301 there was a possibility for cross contamination. Data from microscopic examination 302 showed that after 16 days of growth, the two reactors with the most diverse communities 303 were the wastewater and the wastewater + lake water reactors. Representatives from 304 many genera of algae were found in the reactors. The most common algae were Chlorella, 305
Oocystis, Selenastrum, Scenedesmus, Monoraphidium, Sphaerocystis and many different 306 diatoms. In the sterilized wastewater reactor only three genera of microalgae were 307 detected -Chlorella, Oocystis and Scenedesmus. Since the samples were taken in late 308 autumn and early winter, the algae community in Läke Mälaren should be closer to the 309 vernal community with many diatoms classes dominating, such as Aulacoseira,
give a better overview of the algal communities in the different reactors. The genera 313 identified with microscopic examination are brought out in Table 2 and representative  314 images from the microscope are in Figure 3 . As with the other experiments, the 315 differences between the reactors are few and mostly associated with the dominance of 316 certain algae. While Scenedesmus, Desmodesmus and Chlorella dominated in all reactors, 317
Coelastrum was more dominant in the WW reactor compared to other reactors. In the 318
WW+W there was also a high amount of Monoraphidium as can be seen from Figure 3d . 319
The developed community can be considered favourable as the dominant algae are 320 documented in other wastewater treating photo-bioreactors and are considered good for 321 energy production from biomass (Riaño et al., 2012; Sahu et al., 2013) . 322 
Changes in nutrient concentrations 333
As the August experiment was the most successful in terms of algal growth (Fig. 1a) , 334 changes in the nutrient concentrations in the water phase were studied to assess water 335 treatment quality of the reactors. There was a reduction in ammonium concentration and 336 an increase in nitrate concentration during the experiment (Fig. 4) As the algae took up CO2, TOC concentrations increased in all the reactors. The highest 366 growth was in the WW+LW reactor where there was a 2.2 time increase in TOC 367 concentration. DOC however showed a decrease, meaning the carbon present in the water 368 phase was broken down by the bacteria present and the resulting CO2 was taken up by 369 the algae. In the best performing WW+LW and WW+W reactors, DOC was reduced 370 62.4% and 57.0%, respectively. This adds value to the process as a biological carbon 371 capture system is highly desirable. Final COD values calculated from DOC based on 372
Dubber and Gray (2010) were 50, 55 and 46 with a ±14.01 prediction interval for WW, 373 WW+LW and WW+W reactors, respectively. 374
CONCLUSIONS 375
The impact of addition of lake water to photo-bioreactor on the performance of reactors 376 was dependent on the season when lake water was obtained. There was a benefit to algal 377 growth when sampling was performed in August or November. In December however, 378 when the lake was covered by ice, there was no difference between adding lake water or 379 distilled water to the reactors. There was also a significant difference in algal growth 380 dynamics depending on the season when sampling in the lake and wastewater is 381 performed. When the lake water was sampled during the intensive algal growth season in 382 the summer, the algal growth in the reactors was higher than in experiments performed 383 with lake water sampled in November and December. The seasonal effect needs to be 384 taken into account when moving to a full-scale system. In addition more information is 385 needed to understand if the seasonal effect is due to the variations in the algal
